The purpose of this study was to determine if echocardiography could be used to predict the presence and/or severity of cardiac tamponade in an experimental model.
THE ECHOCARDIOGRAM is a sensitive and accurate tool for diagnosing pericardial effusion.' 2 Recent studies in patients with pericardial effusion have suggested that changes in ventricular diameter with respiration3 or right ventricular compression5 are echocardiographic findings that may indicate pericardial tamponade. However, such changes may not be specific for or predictive of cardiac tamponade.4 6, 7 The purpose of this study was to determine if echocardiography could be used to predict the presence and/or severity of cardiac tamponade in an experimental model.
Methods Animal Preparation
Nine mongrel dogs that weighed kg were lightly anesthetized with a mixture of chloralose and urethane, 100 mg/kg and 1000 mg/kg, respectively. The left chest was entered through the fourth intercostal space and the pericardium was cannulated with a #8 polyethylene pigtail catheter through a stab incision. Two 00 silk ties were placed around the catheter using a pursestring suture and a cyanoacrylate ester glue was placed over the suture and surrounding areas to achieve a seal. The chest was closed, and a chest tube to an underwater seal was left in place to remove air and prevent atelectasis. Spontaneous respiration resumed after surgery was completed and the chest closed.
Hemodynamic Measurement
We measured right atrial, aortic arch and left ventricular pressures using a Statham P23Db transducer at the midchest level. Cardiac output was measured by the dye-dilution principle. Indocyanine green dye (2.5 mg) was injected into the right atrium, and dye concentrations in right brachial artery blood were recorded from duplicate curves with exponential decay.
Echocardiographic Studies
Echocardiographic studies were obtained using a commercially available ultrasonoscope and a 2.25-MHz transducer focused at 7.5 cm. The dogs were examined during spontaneous respiration in the right lateral decubitus position. three dogs, recordings were done during serial, 30-ml saline injections. After the study, the fluid was removed from the pericardium and measured. The fluid volume withdrawn always equalled that administered, indicating that an adequate pericardial seal was present.
Statistical Methods All data in the tables are expressed as mean ± SD. Hemodynamic and echocardiographic data were evaluated by the paired t test, comparing measurements taken during control periods with those taken during tamponade. Linear regression analysis was performed on the data comparing echocardiographic measurements with hemodynamic variables.
Results
Hemodynamics (table 1) Injection of body-temperature saline into the pericardium caused a significant rise in right atrial pressure and a significant fall in mean aortic pressure. The inspiratory fall in aortic systolic pressure increased from a control of 5 ± 0 mm Hg to 15 + 2 mm Hg (pulsus paradoxicus). The heart rate increased in In these spontaneously breathing dogs, control measurements showed a significant inspiratory increase in end-diastolic right ventricular internal dimension (RVIDd) and a significant inspiratory decrease in end-diastolic left ventricular internal dimension (LVIDd). During cardiac tamponade, the respiratory changes were exaggerated ( fig. 2) .
In tamponade, the RVIDd in expiration was smaller than it was in the control state ( our left ventricular diameter data) that mitral valve echo data would also show a considerable overlap between control and tamponade values. Such overlap is evident on examining the mitral valve data of Settle et al. 4 Vignola et al.13 described a systolic notch in the right ventricular motion in four tamponade patients, but we did not encounter this in our dogs.
Our experimental study has several limitations. We were able to produce tamponade by injecting only 150-250 ml of saline acutely into the dog's pericardial sac. In most patients, tamponade develops more slowly and usually involves considerably more fluid; the pericardial sac is more distended. It is conceivable that with larger amounts of fluid or more severe hypotension or both there might be larger changes of echocardiographic dimensions.
Another problem concerns the effect of pericardial fluid on cardiac position within the thorax. If the position of the entire heart in the pericardial sac were to change as tamponade developed, the ultrasound beam would traverse the cardiac chambers somewhat differently, possibly contributing to the dimensional changes we noted.
In summary, our results suggest that although serial echocardiograms may be useful in demonstrating dimension changes as tamponade develops, a single echocardiogram cannot be used to predict the presence or severity of tamponade. In evaluating a suspected tamponade patient, the time-honored clinical signs of elevated jugular venous pressure and paradoxical pulse should suggest the diagnosis, with the primary application of the echocardiographic technique being the confirmation of the presence of pericardial effusion.
